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The ganm~a rays and x rays em]tted frclnl ~~]allett]ry surfaces ~tirl k

cietec~eci  and used to determine the abundances of many elements. ?arts of
the lunar Su]-face  were quantj.tativcly  mapped us]ng gamma- r~y anti x-ray
spec~romete~s c)r] Apollcl 15 and 16. C;amma-ray  specird were obtained frorrl
Mars by garitir~a--ray  spectrometers (CiP.S) on the Sc)vlet Mars- 5 anti Phobos-  2
spacec.-aft  . ~’he Vikjng landers determlneci elemental abundances by x-rtiy
fluorescence (XRF). Venus’s surface Cornposltjon  has been stuciJeci Using
Sov]et GRS and XRI” systems. More rec:ently, ]mproved ganunt~--rdy and x–ray
SJleCtI_OI1leteT_S  have been bUl~t for severs] planetary or~j;ters, lncluc!lng the
Mars Observer.
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To plan for future planetary mi.sslons that. will requ]re measurements of
elenlent.al abundances, & Learn was established four years aqo under NASA
Planetary instrument I)eflnltlon arid IIevelopmcnt Program (PII)IIP) . The
leacier of t.hls team has been J. 1. Trombka. This team cornb]nes  resources
from various NASA centers, other government, !aborator~es,  sorue
ui~]versities, and severa l  corrymrl~cs. The ~c)~ils  cjf the PII~DP- supported work
by this team have been LO develop better gamnm-ray and x–ray spect.rorrleter
systems, to stuciy Lhe performance of such systems under a w].de range of
env]rc)rln~ent.al  condit~ons,  and LO plan for future planet-ary  rniss~ons. The
x- ray spectrometer (XRS) and Gi?S for the Near E\arth Ast.ero)d Rpnciez,volls
(NFAR) mission resulted fron~ work done by Lh]s team, as ciid several GRS
~ysten~s  on the Russ~an Mars-96 mjsslon. Some of the results of t.h~s
gc:m!na- ray/x- ray PIDDP te?,m are surnmar] z,ed here.

Scmll-cc)nductor  C+arnri[a-Ray Spectrometers
[liqh- enerc]y reso]ut.ion is very irnportarlt to help rcsc)~ve the many gamma

rays produced in planetary surfac:es  by priritary  and secondary cosmic- ray
partic:es. Germanium (G’e) has the best energy resolution but must. be below
about ~30 K t.o operate. Studies have been cione on cooling GcG}<S systerr~s c)n
p l a n e t a r y  miss]ons, Jrrcluding  rrlechanica~ c:ocJJc!rs anti ~~tis~~v~  radiators. NCW
cryc)technolog]es, such as us]nq lasers, are also being corrs~ciered for
plal~eLary r~~issions.

Scmli-conLiuCtors  that Can Operate near room temperature, SUC:h aS

c:admiunr ~,inc: te~luride, are be~rlg stuciieci. Wklj le the energy resolution IS

not as good as Ge, the abillty co work without large, powerful coollng
systems is a big acivantage  for Lhese detectors. our experler’.ce .wi.th SUCFI
systems IS limlted,  espec;]aliy as it re]a~as to planetary m:ssions.
Several stilcl~es are ex<imlning the poss]ble usc of such de+..cccors on fut.urc
m~ ssi c)ns .

Sci[lt.illat.or  Ganmm-Ray Spectrometers
Some scint]l:ators,  such as NaI (Tl), have been arc~uaci for decades, anti

the2r pcrfor!uance is well kn.owrl. SCiiltllJa~ors  do nclt. need cc)olInq ‘but have
much poc)rer energy resc~lut.ic)n  than rncjst semi-c:onductors. Sorrlc’  new
sc.il\Lillator  materials, such as bismuth geri[[arlate (11(;0), gaciollrlium
oxyc]rthosilicate (C;SO), a[}ci ]ut.e.t.ium  oxyorthosi]  I cate (1,S0) h?~ve been
stuciiecl for use in planetary gamma- ray spec:trc)scopy. posslb]e  pl-o’blcnls
Lhat have been ident.]fied w]th some c)f these new scint~llators include
natura] radicmctlvity in the luteLiun[ of 1,S0 anti capture of neutrons by
qaciolin]um  in GSC).

Garru[\a-Rily  Spec:Lrometer Systems
Met)”lcds  to improve the performance of qarnrm- ray s~~ectrometers  Ir”lclucie

act. ]ve. anti pass]ve sh)elds ancl c:ollirr~ators. Such systems reduce unwanted
sic]llals. l’he NMAR C+RS uses a PGO collirr~atc)r  so that the ma]n Na] cietec:tc)l
c)nj.y v3ews the asteroici. Besides re)ectinq chdrgeci partl~les, this
co] limat or also reduces backgrounds by ]dent~ fy]ng ganuna rays that. have

,.

or~ly pa~-i_]ally  been absc)rbecl  in the primary detector, SLICh aS by ~O~l~tO12
sc:att-~rirrg  or pair production. E’or sc;lnt~]]atc)rs, new methocls  t.o detect
t_he light, en[itted as the result of garlmla-ray interactions are beiilg
investigdt.ed.

X-Ray Spectrometers
1’0 Ciatc!, most P]arletary x- ray spectronmters  have used F~roportic)nal

c:ounters with balanced elemental filters to cijstingr.lish an~c]r]g  ~r!c]dent
x rays at erlergies below .2 keV. New x-ray detectors being stucl]ecl inc:lucie
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mcrcurlc  joci~cie (Hg I.?.), avalanche photoci: odes, and or_her Si- based
systems . A Lhermo-elec t.rically  cooled 1.2 rnm”z si~.icon PIN Cietsc:tor 2S
be~ncj used as a solar mc)nltor on Lhe NEAR XRS Many of these svstems lzc!<
Lhe volume or StIrfaCe  area neecieci for F1.Lanetary systems, :.hus methocis  to
stack or Hnk such detectors are being stud~ed. Some of Lhese  cietectcrs
are also be~ug c ons i d e r ed  f o r  detec:tlng  photorls made  by var;.ous
sclJntiHatc)rs.

F:nvironmental Effects
The effects of cold and hot tempera.t’.lres on various x–cay and  ~:i~~~-~;i~

specr-rclmeters  have been studied. SOI;Le CictecL:)rs, sucil as E3G0, wor!< better
tit cold tempe~at.’.rres.

T’he effec;s of radlatlon on these ciet.i!ctor  s often are serious. Nays to
recit!ce  or r emove  r ad i a t i on  damage I nducsd  by c.h, drged  p?. rt:. cles In cj-ern~an~ur[l
have been studied . The radioactlvlt_les  made :n cieteczor n~aterials are
beJng s~udlea us ing  system stud.~as, accelerator Irradiations, and ret’~r!:l~.q
rr,:it~r~~il  from space flights. Some systems are be]ng flowr! ~n space c]r on
ball.oorls or are being  e x p o s e d  to radlat:.ons  s:m~ldr Lo thaL ]n space to
stuciy t.heir performance and tc) better understand their backgrounds and
operat~.on .

.\ct2TJC }jxcitation  Sources

MC) s t planetary x--ray and gamrna-re.y  rrussiorls use rla~lura;  exe].LatlcIl
Sou,rccs, such as solar x rays or Lhe high- enez g,,- part ic~. es In the ga~a~,t:~
CO SIIUC rays . The ab~li~y to use tir:lfi.c]al  sources Of K lZyS and IlelJtT~n~
.w~th XKS and ~RS sysrems is being SLUdi%d for strrface rn;sslcns. Some wor!k
has fc)cused on qett~fiq  sources Lhac uequ~~s lcw power and low mass,
E:xcitatlon  sources used fOI- ,Otiner appljcac20ns, such as ‘tiell  loqq]nq, c1 r ?.

be3ng e.xanuned f o r  the~r mcdlflc~tlon for planetar-y iI12SSl,3nS.

System St.ud~es  and Mission !’rofij.es
l’r;!de-ofts  betweer~ miss ~.on requl. ~:smerlts anti the des: rs(~ SC3ence ]~ad LO

ruosc or’ the studied systems being cane::cates for some piane~a~~ m~ssions
The combination of systems, such as r!eutron detectors and gamma- ray
spectrometers, has been st’~died. The a’ollicy of ~7arlous syst,ems  ‘to tie*.e,;*L

certain elements, SuCh as hydroaer.,  has been e:iamlned.. .Xeclhocis to properly
caljbrat.e  such systems fc)r -planetary ap~l: c,d.tions have be.sr! consldere~~  ,

This x-ray/qarrma-ray team has snc]wn that Lhcre
C!etC!rlUII”le e]emental  abundances on future m~sslons.
c?.n be used in situ for i.dentlf~caLlon  of poss~ble
de:erin]  Ilation  of their elementai  abundances
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